Introduction
Since time immemorial, plants or plant products have been widely used by humans for several purposes including foods, drugs, or shelter. This fact has been growing day by day and the last century has witnessed a growing number of herbal consumers and could be considered as "herbal products era" against synthetics. From this point, global awareness on natural products have Turkey is famous for its floral diversity, which contains about 12000 plant species. It has been suggested that this biodiversity offers an excellent repertoire of potential new bioactive candidates that remains largely unexplored [5] . The Centaurea genus is one of the largest genera in Turkish flora and it is represented by more than 200 species, with an endemism ratio >60%. The members of this genus are known as "Timur dikeni", "peygamber ç icegi" or "pıtrak" and they are traditionally used for different purposes, including food, against hemorrhoids, cold, wound healing or gastrointestinal disturbances [6, 7] . In this context, there has been an increasing amount of literature concerning chemical characterization and biological effects of different plants from Centaurea genus [8] . However, there is still a dearth of knowledge and a pressing need for comprehensive studies focused towards the chemical characterization and biological properties of C. drabifolia subp. drabifolia and C. lycopifolia. Hence, the main objective of this study is to establish the chemical profiles and biological activities of C. drabifolia subp. drabifolia and C. lycopifolia extracts. It is anticipated that results amassed from this study will open new avenues for research and contribute towards establishing primary data on these species for designing novel phytopharmaceuticals. The aerial parts of the selected species were analyzed. First, they were dried in the dark at room temperature. They were then ground to a fine powder using a laboratory mill. Samples (10 g) were stirred with ethyl acetate or methanol at room temperature for 24 h. Then, the extracts were concentrated to dryness using a rotary evaporator. As for the water extracts, 5 g of plant material was boiled in 100 mL water for 30 min. Then, the extracts were lyophilized. The extracts were then stored in dark glass at 4 • C until further analyses.
Materials and methods

Plant materials and extraction procedure
Quantification of total phenolics and flavonoids
The total bioactive compounds (phenolics and flavonoids content) of the studied Centaurea extracts were obtained using Folin-Ciocalteu and AlCl 3 methods, respectively [9] . The contents were expressed as gallic (mg GAEs/g extract) acid and rutin equivalents (mg REs/g extract), respectively.
Screening for biological activities
Antioxidant potentials, enzyme inhibitory effects, and antimicrobial properties were evaluated for the biological activities of the studied Centaurea species. Antioxidant methods used were: free radical scavenging (ABTS and DPPH), ferric (FRAP), and cupric reducing power (CUPRAC); phosphomolybdenum, and metal chelating assays. The antioxidative potentials were expressed as trolox equivalents (EDTA was only used for metal chelating assays). Anti-cholinesterase, anti-tyrosinase, anti-amylase, and anti-glucosidase assays were tested for detecting enzyme inhibitory effects. The enzyme inhibitory effects were evaluated as standard compound equivalents. Briefly, galantamine was used for AChE and BChE, kojic acid was used for tyrosinase, while acarbose was used for ␣-amylase and ␣-glucosidase inhibition assay). Antimicrobial evaluation was also performed with some bacteria and fungi strains and all experimental details are as per previous publication [10] .
LC-MS analysis
Protocatechuic (1), neochlorogenic = 3-CQA (2), chlorogenic = 5-CQA (3), caffeic (5) acids, orientin (7), vitexin (8) , and apigenin (12) were obtained from Extrasynthese (Genay, France). LC-MS analysis was performed using a Thermo Scientific Dionex Ultimate 3000 RSLC (Germering, Germany) consisting of 6-channel degasser SRD-3600, high pressure gradient pump HPG-3400RS, autosampler WPS-3000TRS and column compartment TCC-3000RS coupled to Thermo Scientific Q Exactive Plus (Bremen, Germany). LC-MS conditions were reported in our previous paper [10] .
Statistical analysis
Statistical evaluation was performed using SPPS v. 14.0 program (one-way ANOVA with Tukey's assay) and p < 0.05 was considered as significant.
Results and discussion
LC-MS phenolic profiles
LC-MS profile of Centaurea extracts revealed the presence of protocatechuic, caffeic, monocaffeoylquinic acids (CQA), monoferuylquinic acid (FQA), and flavonoids (Table 1) . Protocatechuic (1), 3-CQA (2), 5-CQA (3), caffeic acids (5), orientin (7), vitexin (8) , and apigenin (12) were identified by comparison of their retention time (t R ), and LC-MS-MS-fragmentation with standard compounds. All other derivatives were readily distinguished by their MS 2 fragmentation pattern and chromatographic behavior on reverse phase column. Acylquinic acids were identified according to the guide for identification of phenolic acids [11, 12] supported by UV max and retention time relative to commercially available 3-caffeoylquinic acid (neochlorogenic acid) and 5-caffeoylquinic acid (chlorogenic acid). Patuletin-O-hexoside and hispidulin were identified by comparison of their LC-MS/MS-fragmentation with literature data [13, 14] . Both Centaurea extracts showed similar phenolic LC-MS profile. However, 1,3-diCQA was found only in C. drabifolia, while 1-CQA and vitexin were presented only in C. lycopifolia (Fig. 1 ).
Total bioactive components and antioxidant capacity
Total phenolic content in the studied Centaurea extracts varied from 18.83 to 32.84 mgGAE/g extract ( Table 2 ). The water and methanol extracts contained higher concentration of phenolics compared to ethyl acetate. The highest concentration was detected in CL-Water (32.84 mgGAE/g), followed by CL-MeOH (28.82nmgGAE/g), and CD-MeOH (24.70 mgGAE/g). The methanol extracts contained highest total flavonoids with the following order; CD-MeOH (22.39 mgRE/g) > CL-MeOH (14.10 mgRE/g) >nCL-EA (11.90 mgRE/g) > CD-EA (10.38 mgRE/g). Apparently, flavonoids accounted for more than 60% of total phenolics in the studied methanol extracts. Our findings are in agreement with earlier studies, which also reported higher concentration of total bioactive components in the methanol extracts [15] . In addition, methanol extracts from several Centaurea species showed higher concentration of these bioactive components as reported previously [16] .
The use of multiple assays has been argued to be useful to highlight the antioxidant propensities of herbal extracts. In this context, the antioxidant profiles of the studied Centaurea extracts were , which contained the highest concentration of total phenolic compounds. Our findings appear to be well supported by several previous studies, which reported linear correlation between total phenolic and free radical scavenging abilities of plant extracts [17] . Several studies have been published on the radical scavenging abilities of Centaurea species in order to evaluate the antioxidant potential [18] . As observed in the present study, several variations have been reported in the literature (from low to strong activity). At this point, the Centaurea genus could be considered as a powerful scavenger of free radicals. Reducing ability of biological samples is reflected by the electron-donation ability, which is considered as an important strategy to behave as an antioxidant. In this respect, CUPRAC and FRAP assays were performed. As shown in Table 3 , the ferric and cupric reducing ability were highest for CL-Water extracts (154.20 mgTE/g in CUPRAC and 81.46 mgTE/g in FRAP). The lowest reducing ability was also detected in CL-EA (59.54 mgTE/g in CUPRAC and 23.79 mgTE/g in FRAP). Generally, the reducing ability of the studied extracts followed the same ranking order with the values of total phenolics. At this point, phenolics in the extracts are main reductants and this behavior was also confirmed by several authors [19] . Similar to CUPRAC and FRAP, phosphomolybdenum assay is based on the reduction of Mo (VI) to Mo (V) by antioxidants (phenolic, non-phenolics, and carotenoids etc.) under acidic condition. In contrast to other antioxidant assays, the greatest ability was observed in CD-EA, followed by CD-MeOH and CL-MeOH. The noteworthy differences may be linked to the presence of compounds other than the phenolics, such as the presence of ascorbic acid and tocopherol. In this direction, phosphomolybdenum assay can reflect total antioxidant capacity assay. Indeed, no correlation between total phenolics and phosphomolybdenum ability has been reported previously [20] .
Transition metals are involved (by Fenton and Haber-Weiss reactions) in the production of hydroxyl radical, which is known to be the most damaging of all free radicals. From this perspective, the chelation of these metals is regarded as a valuable approach to study the antioxidant mechanisms. For this purpose, ferrozine assay was used to evaluate ferrous ion chelation ability of the studied Centaurea extracts. From Table 3 , the water extracts (19.19 mgEDTAE/g for CD-Water and 16.57 mgEDTAE/g for CL-Water) exerted the best chelating ability compared to methanol and ethyl acetate extracts. These findings tend to corroborate with earlier studies on Centaurea, which reported the best chelation ability of the water extracts. Contrary to our expectations, the CD-Water was ranked fourth in terms of total phenolic content. In addition, chelating ability was not detected in CD-EA. In the literature, different approaches have been observed regarding metal chelating capacities of plant extracts. Some researchers have argued that a linear relationship exists between the total phenolics and chelation ability [21] . However, some studies have also highlighted that the metal chelating ability of phenolics can be considered as only minor effect [22] .
Enzyme inhibitory effects
In the 20th century, synthetic chemicals have been introduced for treating and/or managing major health problems including type-II diabetes mellitus, Alzheimer's disease, and cancer. However, such practices bear serious concerns such as toxicity and carcinogenic effects. With this in mind, natural products have proved to be important pharmacophores and are gaining much momentum in terms of managing the aforementioned diseases [23] . As an example of these solutions, natural enzyme inhibitors are considered as one of the most accepted strategies for alleviating the symptoms of these diseases (cholinesterase inhibitors for Alzheimer disease; ␣-amylase, and ␣-glucosidase inhibitors for diabetes; and tyrosinase inhibitors for hyperpigmentation etc.) [24] . From this point, many scientists have focused on novel enzyme inhibitors from natural products such as wild plant species, which may be considered as potential sources of bioactive compounds.
For the above mentioned reasons, the studied Centaurea species were tested against several key enzymes including acetylcholinesterase, tyrosinase, ␣-amylase, and ␣-glucosidase. The results are listed in Table 4 . The acetylcholinesterase inhibitory effects varied significantly among the studied extracts and the greatest activities were recorded for the ethyl acetate, followed by methanol and water extracts. The strong ability of the ethyl acetate extracts might be related to their non-phenolic compounds, such as alkaloids. This argument has been reported by several researchers, who found no correlation between phenolics and anticholinesterase activity [25] . In relation to the tyrosinase inhibitory effects, the water extracts were more potent than methanol extracts. In addition, the ethyl acetate extracts were not active against tyrosinase. This observation can be attributed to the higher levels of phenolics in the extracts, which also corroborate with those reported in earlier studies [26] . In contrast to anti-tyrosinase effects, the higher ␣-amylase and ␣-glucosidase effects of the ethyl acetate extracts are worth noting. The methanol extracts were more effective against both ␣-amylase and ␣-glucosidase than the water extracts. More recently, literature has emerged that offers contradictory findings about the relationship between phenolics and anti-diabetic effect (␣-amylase and ␣-glucosidase inhibitory effects). Some authors have reported a linear correlation among these parameters [27] , together with some contradictory findings [28] . The differences may be justified based on the complex nature of phytochemicals and their possible interactions (antagonism or synergism). As expected, knowledge of enzyme inhibitory effects for the genus Centaurea is very limited [29, 30] . The present study can be considered the first of its kind geared towards the enzyme inhibitory activities of the studied Centaurea species. In this respect, it is anticipated that the present study could open new avenues for research and focused towards the isolation of bioactive compounds with potent enzyme inhibitory activities.
Antimicrobial activity
The antibacterial activity of the water, ethyl acetate, and methanol extracts of C. lycopifolia and C. drabifolia are presented in Table 5 . C. lycopifolia extracts were observed to possess higher antibacterial potential than C. drabifolia. CL-Water exhibited the best antibacterial capacity with inhibition effect at 0.01-0.02 mg/ml and bactericidal activity in range of 0.02-0.04 mg/ml. Ethyl acetate and methanol extracts of both plants showed almost the same potential, with exception of CD-EA which showed higher effect towards B. cereus and L. monocytogenes. Streptomycin showed inhibitory activity (MICs: 0.05-0.25 mg/ml; MBCs: 0.10-0.50 mg/ml). MICs and MBCs for ampicillin were also detected as 0.10-0.30 and 0.20-1.00 mg/ml, respectively. CL-Water extract possessed much better antibacterial potential than both antibiotics. The other extracts showed better antibacterial activity than ampicillin, and most of the extracts were more active than streptomycin or showed slightly lower effect (Table 5) . Table 6 Antifungal activity of the studied Centaurea extracts (MIC and MFC in mg/ml) * . 
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